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INTRODUCTION 


Electrons  in  the  space  environment  charge  materials  on  the  surface  and  inside  a  spacecraft.  When 
the  resulting  electric  field  exceeds  the  breakdown  field  intensity  for  the  material,  an  electrostatic 
discharge  occurs.  Electrostatic  discharges  are  believed  to  have  been  responsible  for  a  large  num¬ 
ber  of  spacecraft  anomalies,  including  command  errors,  phantom  commands,  degraded  sensor 
performance,  parts  failure,  and  even  complete  loss  of  mission  on  a  variety  of  spacecraft. *’2,3 

DeForest4  was  the  first  to  observe  surface  charging  on  a  geosynchronous  satellite.  He  found  that 
ATS-5  charged  to  potentials  as  high  as  10,000  V  in  eclipse,  and  as  high  as  200  V  in  sunlight.  He 
also  noted  that  insulators  near  the  aperture  of  his  electron  detector  could  be  charged  to  several 
hundred  volts  without  an  accompanying  change  in  the  over-all  spacecraft  potential.  The  first 
discharges  aboard  a  satellite  were  reported  by  Shaw  et  al.5  They  detected  discharges  that 
occurred  in  the  vicinity  of  transient  sensors.  The  number  of  discharges  increased  during 
geomagnetically  disturbed  times  and  correlated  with  the  anomalous  behavior  of  subsystems  on 
the  spacecraft.  Garrett^  has  reviewed  the  theory  and  measurements  of  the  charging  of  spacecraft 
surfaces. 

Vampola7  showed  that  the  occurrence  of  anomalies  onboard  the  U.  S.  Air  Force  Defense  Support 
Program  satellites  coincided  with  significant  increases  in  the  flux  of  electrons  greater  than  1.2 
MeV  as  measured  by  the  GOES  spacecraft  and  concluded  that  the  anomalies  were  caused  by 
thick  dielectric  charging.  Thick  dielectric  charging,  or  interna]  charging  as  we  refer  to  it  in  this 
report,  occurs  when  energetic  electrons  embed  within  dielectrics.  This  can  build  up  electric  fields 
inside  a  dielectric  until  its  breakdown  field  intensity  is  reached.8  Penetrating  electrons  can  also 
charge  well-insulated  floating  conductors  below  the  surface  of  the  vehicle.9  Electromagnetic 
interference  from  the  resulting  electrostatic  discharges  is  responsible  for  the  anomalies. 

In  order  to  improve  our  understanding  of  the  relationship  between  the  environment  and  electro¬ 
static  discharges,  we  have  examined  the  data  from  the  P78-2  (SCATHA  —  Spacecraft  Charging  at 
High  Altitudes)  Pulse  Analyzer,  Satellite  Surface  Potential  Monitors,  the  Energetic  Ion 
Composition  Experiment,  and  the  High  Energy  Particle  Spectrometer  for  a  relationship  between 
discharges  and  the  electron  environment.  The  SCATHA  satellite  was  launched  on  Jan.  30,  1979. 
The  primary  objective  of  the  mission  was  to  obtain  environmental  and  engineering  data  that 
could  be  used  for  design  guidelines  and  specifications  to  ensure  that  future  spacecraft  will  operate 
satisfactorily  in  the  plasma  environment  at  synchronous  orbit.  The  experiments  are  described  by 
Stevens  and  Vampola1^  and  Fennell.11 

The  engineering  payloads  include  a  Pulse  Analyzer  that  measures  the  characteristics  of  electrical 
pulses  in  both  the  frequency  and  time  domains.  It  measures  the  number  of  pulses,  their  ampli¬ 
tudes,  and  their  shapes  with  four  sensors.  It  has  been  operating  continuously  since  Feb.  1979. 
Since  that  time,  data  from  1527  days  have  been  analyzed.  Pulses  have  been  detected  in  response 
to  spacecraft  commands,  during  electron  and  ion  beam  operations,  and  during  periods  of  natural 
surface  charging.  Previous  publications  have  documented  the  occurrence  of  pulses  during  the 
first  two  years  of  operation  of  the  vehicle,  their  amplitudes,  pulse  shapes,  and  the  correlation  of 
these  pulses  with  time  periods  when  the  surface  samples  on  the  vehicle  are  charged. 1 2- 1 3, 14  ^ 
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The  Satellite  Surface  Potential  Monitors  (SSPMs)  measure  the  voltage  between  the  surface  of 
selected  materials,  such  as  Kapton,  Teflon,  and  quartz  fabric,  and  the  ground  frame  of  the  space¬ 
craft.  The  spacecraft  contains  three  SSPMs,  two  on  the  cylindrical  side  of  the  vehicle  and  one  on 
top.  Those  on  the  side  of  the  vehicle  move  into  and  out  of  sunlight  as  the  vehicle  rotates  at  one 
rpm.  The  one  on  top  was  essentially  always  shadowed  by  the  vehicle.  All  three  contain  Kapton 
samples  and  the  one  on  top  also  contains  a  quartz  fabric  sample.  The  Kapton  and  the  quartz  fabric 
samples  are  used  in  the  study  reported  here  to  determine  if  the  surface  of  the  vehicle  is  charged. 

The  Energetic  Ion  Composition  Experiment  measures  100  eV  to  32  keV  ions.  The  instrument 
also  includes  four  broadband  electron  channels  from  0.07  to  24  keV.^fll  The  High  Energy 
Particle  Spectrometer  has  four  solid-state  detectors  to  measure  the  energetic  electron  and  proton 
distributions.  The  various  particles  and  energy  ranges  are  measured  in  command-selectable, 
time-multiplexed  modes.  The  instrument  covers  electron  energies  from  0.05  to  10  MeV  and 
protons  from  1  to  200  MeV.10-11 
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DATA 


Pulse  Analyzer  data  from  a  total  of  1527  days  between  Feb.  1979  and  Mar.  1988  have  been  ana¬ 
lyzed.  Data  were  collected  continuously  for  most  of  that  time  period.  The  data  analyzed  to  date 
represent  about  45%  of  the  available  data.  Essentially  the  entire  first  year  of  data  has  been  ana¬ 
lyzed.  Following  the  first  year,  only  selected  periods  have  been  analyzed.  This  selection  has 
included  time  periods  of  known  anomalies  on  other  synchronous  satellites  and  time  periods  con¬ 
taining  geomagnetically  disturbed  days.  This  selection  process  may  bias  the  statistics  of  dis¬ 
charge  occurrence  presented  below. 

Table  1  contains  a  summary  of  the  pulses  detected  by  the  Pulse  Analyzer  during  those  1527 
days.  Pulses  occurring  within  one  second  of  a  spacecraft  command  are  attributed  to  a  vehicle  or 
payload  response  to  the  command  and  are  identified  as  a  command  pulse  in  Table  1.  Pulses  have 
also  been  detected  shortly  after  the  time  that  the  ground  station  command  transmitter  ceased 
sending  special  signals,  called  s-tones,  to  the  vehicle.  These  signals  enable  the  space  vehicle 
command  receiver.  Those  pulses  are  identified  as  s-tones  in  Table  1.  The  majority  of  the 
remaining  pulses  listed  in  Table  1  occurred  during  operations  of  the  Electron  or  Ion  Beam 
Experiments.1^  Only  316  of  the  8389  pulses  cannot  be  associated  with  normal  vehicle 
commands  or  ion  and  electron  beam  operations. 


Table  1.  Distribution  of  Pulses  Detected  by  the 
Pulse  Analyzer  in  1,527  Days  of  Analyzed  Data. 


Type 

Number 

Command  Related 

3158 

s-Tone  cessation 

2550 

Beam  Experiments 

2365 

Natural  Discharges 

316 

Total 

8389 
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NATURAL  CHARGING 


Many  of  the  pulses  that  cannot  be  associated  with  normal  vehicle  commands  or  ion  and  electron 
beam  operations  occurred  during  periods  of  natural  surface  charging,  that  is,  during  periods 
when  large  potentials  between  surface  samples  and  the  vehicle  reference  frame  were  measured  by 
the  SSPM  The  coincidence  of  these  pulses  with  time  periods  when  the  samples  were  differen¬ 
tially  charged,  and  the  absence  of  vehicle  commands  or  mode  changes  at  the  time  of  these  pulses 
has  led  us  to  conclude  with  high  confidence  that  most  of  the  pulses  are  due  to  electrostatic  dis¬ 
charges.12  Similar  pulses  have  also  been  detected  during  electron  and  ion  beam  operations  when 
the  surfaces  of  the  samples  are  artificially  charged.  ^  Data  from  the  Kapton  and  the  quartz  fabric 
samples  on  the  SSPMs  were  used  to  determine  if  the  surface  of  the  vehicle  was  charged  at  the  time 
each  of  the  "natural"  discharges  was  detected.  If  the  potential  between  any  of  these  four  samples 
and  the  vehicle  frame  exceeded  100  V,  we  consider  the  surface  to  have  been  charged.  Natural 
discharges  detected  when  the  surface  was  charged  are  defined  to  be  surface  discharges. 

Discharges  detected  when  the  surface  was  not  charged  are  defined  to  be  internal  discharges. 
Although  the  100  V  discrimination  level  is  somewhat  arbitrary,  the  separation  into  the  two  classes 
is  generally  unambiguous.  For  almost  all  instances  when  the  samples  were  not  charged,  the 
potentials  of  these  samples  were  much  less  than  100  V  and  relatively  constant.  When  the  samples 
were  charged,  the  potentials  were  much  greater  than  100  V  on  at  least  one  of  the  samples  and 
varied  over  time  periods  on  the  order  of  a  minute. 

SSPM  data  were  not  available  for  45  (14%)  of  the  316  pulses  identified  as  real  discharges. 
Because  all  of  the  pulses  that  occurred  when  the  vehicle  was  charged  are  identified  as  surface  dis¬ 
charges,  the  number  of  surface  discharges  has  possibly  been  somewhat  overestimated. 

The  amplitude  distribution  of  the  pulses  from  the  natural  discharges  is  shown  in  Figure  1.  The 
voltage  plotted  along  the  x  axis  is  the  highest  discriminator  level  exceeded  by  each  pulse.  The 
discriminator  levels  are  spaced  by  about  a  factor  of  2  in  voltage.  Generally  we  find  that  the 
amplitudes  of  the  pulses  from  the  surface  discharges  are  larger  than  the  amplitudes  of  those  from 
the  internal  discharges  at  the  Pulse  Analyzer  sensors.  The  pulses  arising  from  surface  discharges 
were  also  significantly  larger  than  pulses  detected  from  normal  operations  of  the  vehicle. 

During  a  one-hour  period  on  Sept.  22,  1982,  28  pulses  were  detected  while  the  surface  samples 

on  the  SSPMs  were  highly  charged.  At  that  time,  the  planetary  magnetic  index,  Kp,  was  8,  and 

the  vehicle  was  located  at  a  radial  distance  of  5.8  R  between  0400  and  0500  local  time.  Because 

e 

these  pulses  seriously  bias  the  occurrence  statistics,  they  have  been  removed  from  the  data 
reported  in  this  paper.  The  pulses  and  vehicle  anomalies  that  occurred  on  SCATHA  on  Sept.  22, 
1982  have  been  described  by  Koons  et  a!.10 

The  occurrence  of  discharges  as  a  function  of  the  radial  distance  of  the  spacecraft  from  the  center 
of  the  Earth  is  shown  in  Figure  2.  Since  the  SCATHA  satellite  has  a  low  inclination  (7.5°),  the 
radial  distance  in  Figure  2  is  essentially  measured  in  the  Earth's  equatorial  plane.  For  reference, 
geosynchronous  orbit  is  at  a  radial  distance  of  6.6  Re.  Surface  discharges  are  relatively  evenly 
distributed  over  the  region  of  space  covered  by  the  SCATHA  satellite,  5.2  to  7.8  Earth  radii.  The 
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Figure  1 .  Amplitude  distribution  of  pulses  due  to  surface  and  internal  discharges. 
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b.  Interna!  Discharges 
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Figure  2.  Radiaj  distribution  of  (a)  surface  and  (b)  internal  discharges. 
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Number  of  Discharges 


number  of  internal  discharges  increases  dramatically  at  smaller  radial  distances,  with  the  largest 
number  occurring  near  the  perigee  of  the  SCATHA  satellite.  The  number  of  internal  discharges 
increases  rapidly  toward  lower  altitudes  because  the  maximum  intensity  of  the  outer  radiation  belt 
is  between  L  =  4  and  L  =  5,  i.e.,  below  the  perigee  of  SCATHA.  Thus,  the  vehicle  encounters  the 
more  energetic  electrons  of  the  outer  radiation  belt  as  it  approaches  perigee. 

The  occurrence  of  discharges  as  a  function  of  the  local  time  at  the  spacecraft  is  shown  in 
Figure  3.  Surface  discharges  peak  strongly  at  midnight  and  occur  in  diminishing  numbers  into 
the  early  morning  hours  because  the  electrons  responsible  for  surface  charging  are  injected  near 
geosynchronous  orbit  near  local  midnight  during  a  magnetospheric  substorm  and  drift  around 
the  morning  side  of  the  Earth.  Many  of  the  surface  discharges  at  local  midnight  occurred  during 
the  spring  and  the  fall  when  the  spacecraft  is  eclipsed  by  the  Earth  when  it  is  near  midnight.  Yen- 
few  surface  discharges  occurred  on  the  day  side  of  the  Earth. 

The  internal  discharges  detected  on  SCATHA  occurred  preferentially  on  the  day  side  of  the  Earth. 
The  maximum  in  the  local-time  distribution  of  internal  discharges  occurs  near  noon  and  thus 
matches  the  local-time  distribution17  of  relativistic -electron  intensities  at  geosynchronous  orbit. 

At  SCATHA's  orbit,  this  asymmetry  in  local  time  arises  from  distortions  to  the  Earth's  magnetic 
Field  caused  by  currents  on  the  magnetopause  and  in  the  neutral  sheet.  ^  Because  equatorially 
mirroring  electrons  drift  around  the  Earth  on  trajectories  of  constant  B,  the  day-night  asymmetry 
in  the  Earth's  magnetic  Field  leads  to  a  day-night  asymmetry  in  the  geocentric  distance  to  the  peak 
of  the  outer  radiation  belt.  The  peak  is  at  a  larger  radial  distance  on  the  day  side  than  it  is  at  night. 
Since  the  spacecraft  penetrates  further  into  the  outer  radiation  belt  during  the  day  than  it  does  at 
night,  it  experiences  higher  fluxes  of  relativistic  electrons  by  day  than  by  night.  The  flux  of  0.5  to 
1  MeV  electrons  varies  by  about  an  order  of  magnitude  from  noon  to  midnight  under 
magnetically  quiet  conditions.19 
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Figure  3.  Local  ume  distribution  of  (a)  surface  and  fb)  internal  discharges. 
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Discharges  are  far  more  likely  to  occur  when  the  magnetosphere  is  active,  i.e.  when  the  Planetary 
Magnetic  Index,  Kp,  is  4  or  greater.  The  solid  curves  in  Figure  4  show  the  actual  number  of  dis¬ 
charges  detected  in  each  category.  The  dashed  curves  show  the  distribution  that  would  have 
occurred  if  the  discharges  were  distributed  with  the  same  statistical  frequency  as  Kp.  The  distribu¬ 
tion  of  Kp  for  the  time  period  from  1932  through  1986  was  used  to  determine  the  dashed  curves 
in  Figure  4.  A  comparison  of  the  histograms  shows  that  botn  surface  and  internal  discharges  are 
far  more  likely  to  occur  when  the  magnetosphere  is  active,  i.e.,  when  Kp  is  greater  than  4.  Very 
few  surface  discharges  occur  below  Kp  =  4.  Those  that  do  were  most  likely  caused  by  electrons 
injected  by  small,  local  su!  storms  that  did  not  influence  the  planetary  magnetic  index,  Kp. 
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Figure  4.  Kp  distribution  of  (a)  surface  and  (b)  internal  discharges. 


12 


Number  of  Discharges 


ELECTRON  DATA 


The  High  Energy  Particle  Spectrometer10-11  on  SCATHA  measures  low-energy  (LE)  electrons 
from  50  to  100  keV,  medium-energy  (ME)  electrons  from  100  keV  to  1  MeV,  and  high-energy 
(HE)  electrons  from  1  MeV  to  10  MeV.  The  Energetic  Ion  Composition  Experiment10-11 
measures  LE  electrons  from  0.07  to  24  keV.  The  summary  plots  of  the  data  from  the  Satellite 
Surface  Potential  Monitor  that  have  been  produced  over  the  past  decade  for  the  time  of  each 
discharge  on  the  spacecraft  contain  time-series  graphs  of  the  count  rates  for  electrons  from  the 
0.18,  0.84,  3.9,  18.4,  57,  140,  and  288  keV  channels  from  the  Energetic  Ion  Composition 
Experiment  and  the  High  Energy  Particle  Spectrometer.  The  18.4  keV  and  the  288  keV 
channels  will  be  used  here  to  show  the  relationship  between  LE  and  ME  electrons  and  discharges 
due  to  surface  and  internal  charging. 

Figure  5  shows  the  number  of  discharges  detected  as  a  function  of  the  count  rate  of  the  18.4  keV 
electron  channel.  The  number  of  surface  discharges  increases  dramatically  as  the  flux  of  18.4 
keV  electrons  increases.  Surface  discharges  occur  above  100  counts  per  second  and  dominate 
the  internal  discharges  for  count  rates  above  1000  counts  per  second.  Bulk  discharges  occur  at 
low  count  rates  near  the  threshold  of  this  channel  at  10  counts  per  second  and  disappear  above  a 
count  rate  of  1000  per  second.  The  flux  of  ME  and  HE  electrons  decreases  during  the  main 
phase  of  a  geomagnetic  storm  while  the  flux  of  LE  electrons  increases  due  to  substorm  injections 
of  electrons  into  the  inner  plasma  sheet.20-111  This  is  responsible  for  the  decrease  in  the  number 
of  internal  discharges  at  times  when  the  flux  of  LE  electrons  is  high.  The  flux  of  HE  electrons 
then  increases  as  geomagnetic  activity  returns  to  quiet  levels  following  the  main  phase  of  a 
magnetic  storm. 
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b.  Internal  Discharges 


0  12  3  4 


Count  Rate,  log  counts/s 


Count  Rate,  log  counts/s 


Figure  5.  Distribution  of  (a)  surface  and  (b)  internal  discharges  as  a  f unction  of 
the  count  rate  of  18.4  keV  electrons. 
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Figure  6  shows  the  number  of  discharges  detected  as  a  function  of  the  flux  of  288  keV  electrons. 
The  number  of  internal  discharges  increases  dramatically  for  fluxes  above  3600  electrons/(cm2-s-sr- 
keV),  while  the  number  of  surface  discharges  appears  for  the  most  part  to  be  unrelated  to  the  flux  of 
288  keV  electrons.  Unfortunately,  we  do  not  have  data  from  these  instruments  when  discharges  were 
not  detected,  so  it  is  not  possible  to  convert  the  data  in  Figures  5  and  6  to  probability  distributions. 

Figure  7  shows  a  scatter  plot  of  the  discharges  with  the  count  rate  for  the  288  keV  electrons  on 
the  ordinate  and  the  count  rate  for  the  18.4  keV  electrons  on  the  abscissa.  All  of  the  surface 
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Figure  6.  Distribution  of  (a)  surface  and  (b)  internal  discharges  as  a  function  of 
the  flux  of  288  keV  electrons. 
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Figure  7.  Scatter  plot  of  discharges  as  a  function  of  the  18.4  keV  and  288  keV  count 
rates.  The  solid  squares  are  overlapping  hollow  squares  and  solid  circles. 
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discharges,  identified  by  squares  in  Figure  7,  occur  above  an  18.4  keV  count  rate  of  100.  Once 
the  count  rate  exceeds  100,  there  is  little  correlation  between  the  count  rates  for  the  two  energies 
when  surface  discharges  occur.  Most  of  the  internal  discharges,  identified  by  a  solid  circle  in 
Figure  7.  appear  in  a  relatively  limited  area  of  the  diagram  that  increases  more  slowly  in  the  288 
keV  count  rate  than  in  the  18.4  keV  count  rate. 
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HIGH  ENERGY  ELECTRON  ESTIMATOR 


It  would  be  useful  to  spacecraft  operators  to  be  able  to  forecast  days  on  which  internal  discharges 
are  likely  to  occur  on  spacecraft  in  synchronous  orbit.  Internal  charging  of  dielectrics  is  caused 
by  the  build-up  of  charge  within  the  material.  It  is  related  to  the  fluence  of  ME  and  HE  electrons 
over  a  period  comparable  to  the  decay  time  of  the  charge  in  the  dielectric.  The  decay  time 
depends  on  the  resistivity  of  the  material.  This  may  be  very  large  for  a  material  such  as  Teflon. 
Thus,  internal  discharges  are  expected  to  be  related  to  the  fluence  of  ME  and  HE  electrons  over  a 
period  of  hours  or  even  days.  We  have  used  two  techniques,  a  linear  prediction  filter  and  a  neural 
network  model,  to  estimate  the  daily  fluence  of  ME  and  HE  electrons  on  days  when  SCATHA 
experienced  discharges. 

Nagai21  and  Baker  et  al.22  have  used  linear  prediction  filter  analysis  to  predict  the  relationship 
between  solar  wind  and  geomagnetic  indices  and  the  flux  of  relativistic  electrons  at  synchronous 
orbit.  Nagai21  has  shown  that  the  average  flux  of  electrons  with  energies  greater  than  2  MeV  at 
synchronous  orbit  is  well  estimated  by  applying  a  20-day  linear  prediction  filter  relating  the  daily 
XKp  to  the  electron  flux.  The  following  calculation  was  used  to  estimate  the  daily  fluence  of 
electrons  with  energies  greater  than  300  keV  from  the  flux  of  electrons  with  energies  greater  than 
2  MeV  obtained  from  the  direct  application  of  Nagai's  filter.  We  assume  that  the  electrons  have  a 
spectral  shape  given  by23 


dJ/dE  =  (dJ/dE)0  exp(-E/Eo)  (cm2/sec-ster-keV) 


(1) 


with  E0  =  600  keV.  A  typical  value  for  (dJ/dE)0  is  1.3  x  104.  The  flux  above  energy  El  is  then 
given  by  the  double  integral  over  solid  angle  and  energy: 


J  = 


(dJ/dE)o  exp(-E/Eo)d£2dE 


Then 


J  =  4^(dJ/dE)oE0exp(-ElyEo)  ■  (3) 

To  compare  the  flux  above  two  different  energy  levels,  Ei  and  E2,  we  can  take  the  ratio  R  = 
J1/J2,  which  is  given  by 
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R  =  exp  [(E2  -  Ei)/E0]  . 


(4) 


If  E2  is  2  MeV  and  Ei  is  300  keV,  then  the  ratio  for  E0  =  600  keV  is  about  17.  If  the  instanta¬ 
neous  integral  flux  >  2  MeV,  J(>  2  MeV).  is  known,  then  the  average  daily  fluence  >  300  keV  is 
given  by 


E  =  R(300  keV/2  MeV)  3  (>  2  MeV)  4*2  At  ,  ( 5 ) 

where  3(>2  MeV)  is  the  instantaneous  integral  flux  averaged  over  a  day  of  electrons  with  energies 
greater  than  2  MeV.  For  4*2  =  4 n  and  4t  =  86400  s,  F  =  1.85  x  107  J  (>2  MeV)- 

This  technique  was  used  to  estimate  the  average  daily  fluence  for  each  day  that  a  discharge 
occurred  on  SCATHA.  Figure  8  shows  the  number  of  days  with  discharges  as  a  function  of  the 
average  daily  fluence  of  electrons  with  energies  greater  than  300  keV  obtained  from  the  linear 
prediction  Filter.  The  filter  derived  by  Nagai  peaks  two  days  before  the  day  of  the  estimate  and  is 
in  fact  negative  for  zero  time  lag.  This  agrees  with  the  temporal  behavior  of  hn,  electrons  at 
synchronous  orbit.74 

We  previously  developed  a  neural  network  to  model  the  temporal  behavior  of  >  3  MeV  electrons 
at  geosynchronous  orbit  based  on  model  inputs  consisting  of  ten  consecutive  days  of  the  daily 
sum  of  the  Planetary  Magnetic  Index,  XKp.25  The  neural  network  model  provides  results  that  are 
significantly  more  accurate  than  those  from  linear  prediction  filters.  In  order  to  compare  the 
results  for  the  neural  network  model  with  those  from  Nagai's  linear  prediction  filter,  we  have 
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Figure  8.  Occurrence  of  discharges  as  a  function  of  the  daily  fluence  of  electrons 
with  energies  greater  than  300  keV  as  estimated  by  a  linear  prediction  filter  model. 
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scaled  the  daily  fluence  obtained  from  the  neural  network  for  3  MeV  to  300  keV.  The  scaling 
factor,  R,  from  Eq.  (2)  is  90.  Figure  9  shows  the  number  of  days  with  discharges  as  a  function  of 
the  average  daily  fluence  of  electrons  with  energies  greater  than  300  keV  obtained  from  the  neu¬ 
ral  network  model. 

From  Figures  8  and  9,  it  is  apparent  that  surface  discharges  are  not  well  ordered  with  respect  to 
the  daily  fluence  of  ME  (scaled  from  HE)  electrons  using  either  technique.  Nor  are  the  internal 
discharges  ordered  by  the  daily  fluence  obtained  from  the  linear  prediction  filter.  However,  there 
is  a  sharp  increase  in  the  number  of  days  with  internal  discharges  when  the  neural  network  model 
estimates  the  daily  fluence  of  300  keV  electrons  to  be  greater  than  101®  cm'2  (equivalent  to  the 
daily  fluence  of  3  MeV  electrons  being  greater  than  1.1  x  108  cm'2.  Using  a  forecasting  tech¬ 
nique  such  as  that  described  by  Koons  and  Gomey,25  the  neural  network  model  could  be  a  used 
to  forecast  days  when  internal  discharges  might  occur  on  synchronous  spacecraft. 


Figure  9.  Occurrence  of  discharges  as  a  function  of  the  daily  fluence  of  electrons 
with  energies  greater  than  300  keV  as  estimated  by  neural  network  model. 
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SUMMARY 


Pulses  detected  on  SCATHA  have  been  divided  into  two  groups:  those  from  surface  discharges, 
which  occurred  when  the  Kapton  and  quartz  fabric  test  samples  on  the  surface  of  the  vehicle  were 
charged  relative  to  the  vehicle  frame,  and  those  from  internal  discharges,  which  occurred  when 
the  test  samples  on  the  surface  were  not  charged.  The  amplitudes  of  the  pulses  from  the  surface 
discharges  tend  to  be  larger  than  those  from  the  internal  charges. 

The  occurrence  of  the  two  types  of  pulses  from  the  discharges  differs  in  a  number  of  ways.  The 
internal  discharges  occur  much  more  frequently  near  the  perigee  of  the  SCATHA  satellite  while 
the  surface  discharges  occur  about  evenly  over  the  range  of  altitudes  from  5.5  to  8  Re.  The  sur¬ 
face  discharges  have  a  strong  peak  in  their  occurrence  at  local  midnight,  decreasing  toward  local 
morning,  while  the  internal  discharges  have  a  broader  maximum  centered  on  the  day  side  of  the 
Earth.  Both  types  tend  to  occur  while  the  Earth's  magnetic  field  is  disturbed.  Although  few  sur¬ 
face  discharges  occur  when  Kp  is  less  than  4,  a  modest  number  of  internal  discharges  occur  under 
quiet  to  normal  conditions.  Surface  discharges  have  a  strong  tendency  to  occur  when  the  flux  of 
10's  of  keV  electrons  is  high  while  internal  discharges  occur  when  the  flux  of  100’s  of  keV  elec¬ 
trons  is  high  and  the  flux  of  10’s  of  keV  electrons  is  low. 

The  statistics  of  surface  discharges  on  the  SCATHA  spacecraft  are  dominated  by  the  single 
charging  event  on  September  22,  1982.  The  largest  amplitude  discharges  and  the  most  serious 
satellite  anomalies  occurred  during  this  event  while  the  spacecraft  was  in  sunlight  near  perigee  at 
0430  local  time. 

The  data  from  the  SCATHA  spacecraft  have  confirmed  all  aspects  of  the  "spacecraft  charging 
hypotheses"  first  postulated  as  a  cause  of  satellite  anomalies  in  the  mid  1970's.  A  direct  connec¬ 
tion  has  now  been  verified  between  the  energetic  electron  environment,  the  surface  and  internal 
charging  of  materials  on  the  vehicle,  electrostatic  discharges,  and  spacecraft  anomalies. 
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TECHNOLOGY  OPERATIONS 


The  Aerospace  Corporation  functions  as  an  “architect-engineer"  lor  national  security  programs, 
specializing  in  advanced  military  space  systems.  The  Corporation's  Technology  Operations  supports  the 
effective  and  timely  development  and  operation  of  national  security  systems  through  scientific  research 
and  the  application  of  advanced  technology.  Vital  to  the  success  of  the  Corporation  is  the  technical  staff's 
wide-ranging  expertise  and  its  ability  to  stay  abreast  of  new  technological  developments  and  program 
support  issues  associated  with  rapidly  evolving  space  systems.  Contributing  capabilities  are  provided  by 
these  individual  technology  ("enters: 

Electronics  Technology  Center:  Microelectronics,  solid-state  device  physics,  VLSI 
reliability,  compound  semiconductors,  radiation  hardening,  data  storage  technologies, 
infrared  detector  devices  and  testing,  electro-optics,  quantum  electronics,  solid-state 
lasers,  optical  propagation  and  communications:  cw  and  pulsed  chemical  laser 
development,  optical  resonators,  beam  control,  atmospheric  propagation,  and  laser 
effects  and  countermeasures,  atomic  frequency  standards,  applied  laser  spectroscopy, 
laser  chemistry,  laser  optoelectronics,  phase  conjugation  and  coherent  imaging,  solar 
cell  physics,  battery  electrochemistry,  battery  testing  and  evaluation. 

Mechanics  and  Materials  Technology  Center:  Evaluation  and  characterization  of  new 
materials:  metals,  alloys,  ceramics,  polymers  and  their  composites,  and  new  forms  of 
carbon:  development  and  analysis  of  thin  films  and  deposition  techniques; 
nondestructive  evaluation,  component  failure  analysis  and  reliability;  fracture 
mechanics  and  stress  corrosion;  development  and  evaluation  of  hardened  components; 
analysis  and  evaluation  of  materials  at  cryogenic  and  elevated  temperatures:  launch 
vehicle  and  reentry  fluid  mechanics,  heat  transfer  and  flight  dynamics,  chemical  and 
electric  propulsion;  spacecraft  structural  mechanics,  spacecraft  survivability  and 
vulnerability  assessment:  contamination,  thermal  and  structural  control;  high 
temperature  thermomechanics,  gas  kinetics  and  radiation;  lubrication  and  surface 
phenomena. 

Space  and  Environment  Technology  Center:  Magnetospheric.  auroral  and  cosmic  ray 
physics,  wave-particle  interactions,  magnetospheric  plasma  waves;  dmospheric  and 
ionospheric  physics,  density  and  composition  of  the  upper  atmosphere,  remote  sensing 
using  atmospheric  radiation;  solar  physics,  infrared  astronomy,  infrared  signature 
analysis;  effects  of  solar  activity,  magnetic  storms  and  nuclear  explosions  on  the  earth's 
atmosphere,  ionosphere  and  magnetosphere;  effects  of  electromagnetic  and  particulate 
radiations  on  space  systems;  space  instrumentation;  propellant  chemistry,  chemical 
dynamics,  environmental  chemistry,  trace  detection,  atmospheric  chemical  reactions, 
atmospheric  optics,  light  scattering,  state-specific  chemical  reactions  and  radiative 
signatures  of  missile  plumes,  and  sensor  out-of-lield-of-view  rejection. 


